Thirteen extensively drug-resistant tuberculosis isolates which were highly resistant to a broad spectrum of antituberculosis drugs were identified from 1,926 clinical isolates in China. They had highly diverse mycobacterial interspersed repetitive-unit-variable-number tandem-repeat patterns. Most, but not all, of the drug target genes had mutations contributing to resistance to the corresponding drug.
Extensively drug-resistant tuberculosis (XDR-TB) has emerged worldwide as one of the biggest threats to public health and TB control programs. XDR-TB is defined as TB caused by a Mycobacterium tuberculosis strain that is resistant to at least rifampin (RIF) and isoniazid (INH) among the first-line anti-TB drugs (the definition of multidrug-resistant TB [MDR-TB] strains), resistant to a fluoroquinolone (FQ), and resistant to at least one of the three injectable second-line drugs (11) . XDR-TB is difficult and expensive to treat: an extremely high mortality (98%) was reported in patients with human immunodeficiency virus (HIV) coinfection in South Africa, and a 33% mortality rate was reported in those without HIV coinfection (1, 3, 4, 7) . So far, XDR-TB has been documented in 41 countries in all continents (12) . Although China has a high annual risk for TB cases and an increasing prevalence of MDR-TB cases, XDR-TB has not yet been reported in China, except in Hong Kong (12) . In the present study, 13 XDR-TB isolates were identified from patients in mainland China and were further characterized as to drug resistance phenotype and genotype. To our best knowledge, this is the first report of XDR-TB in mainland China.
From January 2002 to December 2005, 1,926 clinical Mycobacterium tuberculosis isolates were collected from 1,926 HIV-negative TB patients in the Beijing Chest Hospital. These isolates were screened initially by the absolute twoconcentration method, and then the MICs of nine TB drugs for them were determined by the agar dilution method. The nine drugs included both first-line and second-line anti-TB drugs. Specifically, they were INH, RIF, amikacin (AMK), ofloxacin (OFX), streptomycin (STR), ethambutol (EMB), pyrazinamide (PZA), ethionamide (ETH), and sodium p-aminosalicylic acid (PAS 10 .75% (207/1,926) of the isolates showed resistance to both INH and RIF (i.e., MDR-TB), and of the 207 MDR-TB isolates, 13 (6.28%) were resistant to INH, RIF, OFX, and AMK, which met the revised definition of XDR-TB (11) (Table 1). Of the 13 XDR-TB isolates identified, 12 isolates (92.3%) were resistant to more than four anti-TB drugs and six isolates (46.1%) were resistant to at least seven drugs. Besides the four drugs described in the definition of XDR-TB, resistance to STR and PZA was found in nine isolates.
The extreme drug resistance of these XDR-TB strains was reflected not only in the broad spectrum of anti-TB drugs that they were resistant to, as described above, but also in the high degree of drug resistance. If high resistance is defined as having a MIC higher than 10 times the cutoff value, of the 13 XDR-TB strains, 11, 9, 5, 5, 4, and 3 strains, respectively, were highly resistant to RIF, INH, PZA, STR, AMK, and PAS (Table 1) . Strikingly, the MICs for INH and STR were as high as 160 times the cutoff value in several isolates, and the MIC for RIF reached 80 times the cutoff value in some isolates. The extreme resistance to INH, STR, and RIF may be attributed to the drugs being the first choice in treatment and to the longtime use in both the old standard anti-TB drug regimens (INH plus STR plus PAS) and current regimens in China, which focus on INH, RIF, PZA and EMB (see the patient history section of Table S1 in the supplemental material). On the other hand, the extreme resistance to INH, STR, and RIF might indicate that XDR-TB isolates had a very long in vivo evolution and selection history. Patient documents indicated that five patients were retreatment TB patients with disease history of 3 to 12 years (see Table S1 in the supplemental material). Presumably drug overuse and noncompliance in these patients contributed to their XDR-TB since most patients were treated at hospitals for only a short period. Most patients used INH, RIF, PZA, and EMB, as recommended by the WHO. Fluoroquinolones were also widely used, and the second-line injectable drugs (such as AMK) were less fre-quently used. Unfortunately, case documents available to our institution were limited, as most of those patients were transferred to Beijing Chest Hospital from local hospitals, stayed for less than 3 months, and then checked out with their medicines.
The genetic background of the 13 XDR-TB isolates was analyzed by spoligotyping and mycobacterial interspersed repetitiveunit-variable-number tandem-repeat (MIRU-VNTR) analysis. Spoligotyping was performed with a commercially available kit (Isogen Bioscience BV, Maarssen, The Netherlands) according to the manufacturer's protocols. PCR-based MIRU-VNTR analysis was performed using the 12-MIRU-locus method (5, 6) and 7 VNTR loci (ETR-A, ETR-B, ETR-C, ETR-D, ETR-E, QUB11a, and QUB11b) as described by Frothingham and Meeker-O'Connell (2, 10). Spoligotyping results showed 10 of 13 XDR-TB strains had the Beijing genotype pattern (000000000003771 and 000000000003731) (Fig. 1) . MIRU and VNTR analysis identified nine MIRU patterns and nine VNTR patterns (Fig. 1) . Five strains shared the MIRU pattern 2233-2516-3533, 2 strains (C57 and C80) shared the MIRU pattern 2223-2515-3324, and the other six XDR-TB strains had different MIRU patterns. By VNTR analysis, five strains shared one pattern (4243586) and two strains (A88 and C98) shared another pattern (4243585), while the others had different patterns. Taken together, these results indicated the heterogeneous genetic background of these 13 XDR-TB strains. Only B42 and E42 strains had the exactly same genotype, while the other 11 XDR-TB isolates were of different genotypes. These supported the current understanding that XDR-TB strains emerged independently in many different places and on multiple occasions (8, 9) . In addition, although 10 of 13 XDR-TB strains (76.9%) belonged to the Beijing family, which is the dominant TB genotype in China, no evidence showed a significant correlation between the Beijing genotype and drug resistance in China.
In order to uncover whether and to what degree the major important known mutations in drug target genes contributed to the extreme drug resistance, nine genes (katG, inhA, rpoB, pncA, embB, rpsL, gyrA, and rrs and its promoter), which included most important known drug target genes, except for the PAS resistance-related thyA gene, were amplified from all 13 XDR-TB strains and sequenced. The 10 sets of primers specific to these genes were based on the genome of M. tuberculosis H37Rv and amplified the hot spots or the whole genes (see Table S2 in the supplemental material) (13) . Sequencing results revealed that most of these genes had mutations contributing to resistance to the corresponding drug, and the detailed mutation patterns are presented in Table 2 . However, several strains had no sense mutations in a drug target gene but were resistant to the corresponding drug, and examples of such could be found with the B42, C29, and E19 strains (inhA [ETH]); C98 and D22 strains (gyrA [OFX]); C29, C57, and D22 strains (pncA [PZA]); and C10 and E42 strains (rrs [AMK]) ( Table 2 ). These data suggested that the extensive drug resistance can be largely attributed to, but could not be completely explained by, the accumulation of known mutations in drug target genes.
In conclusion, 13 XDR-TB strains were identified by screening 1,926 clinical isolates in China. These strains were highly resistant to a broad spectrum of anti-TB drugs. Ten strains belonged to the Beijing family, but high genotypic diversity was found by MIRU-VNTR analysis. Mutations in the correspond- ing drug target genes could be found for most but not all of the drugs the strains were resistant to, indicating other drug resistance mechanisms contributed to the drug resistance. To our knowledge, this is the first report of XDR-TB strains in China.
